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A  71-year-old  woman  was  admitted  with  a 6-month  history  of  lower  limb  intermittent  claudication.
She  had  well-controlled  hypertension  and  no  other  risk  factor  of  atherosclerosis.  Angiographic  ﬁndings
revealed  the “string  of beads”  pattern  in bilateral  renal  arteries  and  external  iliac arteries.  She  was diag-
nosed  with  combined  renal  and  iliac  ﬁbromuscular  dysplasia  (FMD)  and  underwent  balloon  angioplasty
for  bilateral  external  iliac  arteries.  Angiography  did  not  accurately  show  the  severity  of  stenosis  and  the
location  of intraluminal  obstruction.  In  contrast,  intravascular  ultrasound  (IVUS)  with pressure  gradient
measurements  using  a wire  clearly  identiﬁed  the  primary  site  of  stenosis  and determined  the  treatment
efﬁciency.  In conclusion,  FMD  of  the  external  iliac  arteries  was  successfully  treated  by balloon  angioplastyalloon  angioplasty
ressure wire
ntravascular ultrasound
guided  by  IVUS  and  pressure  wire  measurements.
<Learning objective:  External  iliac  artery  ﬁbromuscular  disease  is  relatively  rare.  Angiography  is  effec-
tive  for  diagnosing  this  disease;  however,  angiography  has  limitations  in  terms  of plaque  characterization,
measurement  of  vessel  size,  and  determination  of  procedural  end.  In  this  study,  a case  of  a 71-year-old
woman  with  FMD  of  the  external  iliac  arteries  was  successfully  treated  with  balloon  angioplasty  guided
by  IVUS  and  pressure  wire  gradient  measurements.>
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Fibromuscular dysplasia (FMD) is a rare autosomal dominant
isorder primarily affecting young and middle-aged women. This
on-atherosclerotic non-inﬂammatory disease causes abnormal
rowth of vascular smooth muscles, resulting in the narrowing
f small-to-medium size arteries. While FMD  can attack all arte-
ial beds, the most common sites are renal, carotid, and vertebral
rteries, followed by the iliac, mesenteric, and axillary arteries.
his disorder may  cause stenosis, occlusion, aneurysm, and/or
issection of the arteries. These patients eventually suffer from
ypertension, strokes, or heart attacks [1].
External iliac artery FMD  is a rare and usually asymptomatic dis-
rder. Most cases are initially diagnosed as ﬁbromuscular disease
nvolving external iliac arteries in asymptomatic patients undergo-
ng arteriograms for other reasons, such as suspected renovascular
ypertension [2]. The clinical symptoms of symptomatic iliac FMD
re distal emboli (blue toe), chronic ischemia (intermittent claudi-
ation, critical limb ischemia), and dissection [3]. We  report a rare
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case of an elderly woman admitted for severe claudication and diag-
nosed with FMD  of the renal and bilateral external iliac arteries.
Limb ischemia caused by iliac artery FMD  was successfully treated
by intravascular ultrasound (IVUS)-guided balloon angioplasty and
pressure wire measurements.
Case  report
A  71-year-old woman visited our institution complaining of
fatigue in both legs after a 100-m walk for the past 6 months.
Her medical history included chronic atrial ﬁbrillation and well-
controlled hypertension with amlodipine (5 mg/day). Her bilateral
lower extremity pulses were weak. Her ankle-brachial indexes
(ABI) were reduced to 0.85 on the right side and 0.80 on the left
side (normal range: 0.91 or more). Based on these symptoms, the
patient was diagnosed with typical peripheral artery disease (PAD)
and severe (grade 3) claudication, according to the Rutherford clas-
siﬁcation.
Doppler echocardiography revealed bilateral diffuse stenosis of
the external iliac arteries. The Doppler waveforms were biphasic
in both femoral arteries. Peak systolic velocity (PSV) was  259 cm/s
in the right iliac artery and 309 cm/s in the left iliac artery (normal
range: 97–141 cm/s) [4]. Furthermore, B-mode ultrasound images
revealed unusual patterns of diffuse stenosis in both iliac arteries
vier Ltd. All rights reserved.
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rig. 1. Three-dimensional computed tomography angiogram of the external iliac
rteries showing the bilateral “string of beads” pattern.
ith increased right and left PSV, which was suggestive of non-
therosclerotic iliac artery stenosis. These patterns appeared to
uggest severe tortuous normal vessels, and the stenosis did not
resent intimal thickening. Three-dimensional computed tomo-
raphy (3DCT) angiography showed multifocal stenoses with the
lassical “string of beads” appearance pattern in both external iliac
rteries (Fig. 1). Because of the “string of beads” pattern in the iliac
rteries, Doppler echocardiography of the renal artery was  per-
ormed, and bilateral mid-renal artery stenosis with elevated PSV in
he right (218 cm/s) and left renal arteries (258 cm/s) was  observed.
Diagnostic angiography was performed to characterize iliac and
enal artery stenosis. The renal artery angiogram exhibited the
Fig. 2. Digital subtraction angiography of the renal arteries showing tFig. 3. Digital subtraction angiography of bilateral external iliac arteries showing
the “string of beads” pattern.
typical “string of beads” pattern in bilateral renal arteries, thereby
conﬁrming the diagnosis of bilateral renal artery FMD  (Fig. 2). The
iliac artery angiogram also revealed the typical “string of beads”
pattern in both external iliac arteries (Fig. 3). The rows of ring-
like stenosis reached 50–75% of the normal vessel diameter, with
enlargement in both external iliac arteries. Because the patient
had well-controlled hypertension and normal kidney functions,
interventional therapy for renal FMD  was  not indicated [5]. Bal-
loon angioplasty was  indicated for the treatment of iliac artery
claudication.
Interventional procedureFirst,  a 5 Fr 10-cm Radifocus sheath introducer II H (Terumo,
Tokyo, Japan) was  inserted in the left brachial artery, and 4000
units of unfractionated heparin was  injected in the artery. Then,
he typical “string of beads” pattern in the right and left arteries.
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pig. 4. Pressure traces obtained and intravascular ultrasound image of the right ex
eak  value at 45 mmHg. (B) Web-like membrane visible in the lumen before angiop
 5 Fr 90-cm Destination guiding sheath (Terumo) was exchanged
nd advanced into the right common iliac artery. Once 175 cm of
he 0.014-inch Cruise guide wire (Asahi Intecc, Nagoya, Japan) was
ositioned proximal to the “string of beads” pattern of the right iliac
rtery, IVUS (Volcano Corp., Rancho Cordova, CA, USA) was  per-
ormed to locate the web-like membrane obstructing the lumen
Fig. 4B). Given the multiple stenosis sites, the pressure gradient
cross the FMD  lesion was measured using a 0.014-inch Aeris pres-
ure wire (St. Jude Medical, St. Paul, MN,  USA). A peak systolic
ressure gradient of 45 mmHg  was measured between the aorta
nd the right common femoral artery (Fig. 4A). The FMD  lesion
rimarily responsible for the signiﬁcant stenosis was  identiﬁed
y IVUS imaging and pressure measurements. Then, angioplasty
f the right iliac artery was performed using a 7.0 mm × 40 mm
alloon and an 8.0 mm × 20 mm balloon (Boston Scientiﬁc, Nat-
ck, MA,  USA) inﬂated to a pressure of 8 atm. While angiographic
mprovement was not detected (Fig. 5A and B), the pressure gra-
ient across the stenosis was eliminated (Fig. 6A). Furthermore,
VUS images showed a disrupted web-like membrane (Fig. 6B).
ig. 5. Digital subtraction angiography of the external iliac arteries pre- and post-iliac arte
attern  in both external iliac arteries. (B) Post-angioplasty angiogram showing no appare iliac artery before balloon angioplasty. (A) Pre-angioplasty pressure gradient with
Therefore,  this procedure was  repeated for the treatment of left iliac
FMD. Post-procedure ABI was  within normal range, with 1.02 on the
right side and 0.98 on the left side. One month after angioplasty,
the patient could walk without claudication (grade 0; Rutherford
classiﬁcation).
Discussion
Wylie et al. reviewed the arteriograms of 70 patients with renal
FMD and found that 4 of the 70 (5.7%) patients had involvement
of the external iliac arteries, but their cases were all asymptomatic
[6]. Symptomatic iliac FMD  is rare, and most cases of iliac FMD  can
be diagnosed after the diagnosis of renal FMD. However, this case
of iliac FMD  was  diagnosed before the diagnosis of renal FMD.This  report describes a patient suffering from intermittent clau-
dication diagnosed with bilateral external iliac artery FMD  based
on 3DCT angiography and contrast imaging. There are three types
of FMD  depending on the arterial tissue layer showing abnormal
ry angiogram. (A) Pre-angioplasty angiogram showing the typical “string of beads”
nt improvement in appearance.
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sig. 6. Pressure traces obtained and intravascular ultrasound image of the right e
radient was  observed. (B) Post-balloon angioplasty image showing the disrupted w
rowth: intimal, medial, and adventitial (perimedial) [7]. Our
atient was diagnosed with medial FMD  based on the typical “string
f beads” pattern of the iliac arteries visualized by subtraction
ngiography [8]. The concomitant renal FMD  led to our ﬁnal diag-
osis of iliac artery FMD.
All the patients considered for the diagnosis of FMD  should
ndergo a detailed medical history and thorough vascular examina-
ion. However, a deﬁnitive diagnosis of FMD  can only be made with
maging studies. Catheter-based angiography is the most accurate
maging technique [9].
However, angiography has limitations in terms of plaque char-
cterization, measurement of vessel size, visualization of web-like
tenosis, and determination of procedural end. In the present
ase, IVUS with pressure wire accurately localized the primary
ite of stenosis. While IVUS enabled visualization of the cross-
ectional tissue bands (known as web-like membrane) obstructing
he vessel, pressure wire measurements localized the primary site
f hemodynamically signiﬁcant stenosis [10]. In atherosclerotic
eripheral artery stenosis, a systolic pressure gradient >20 mmHg
s considered clinically signiﬁcant [11]. However, the use of pres-
ure gradients remains controversial because the webs associated
ith FMD  can be compressed by a catheter or pressure wire, leading
o a false-negative reading (accordion phenomenon). In this case,
e measured pressure gradient more accurately without accordion
henomenon because we used a 0.014-inch pressure wire.
The  treatment of symptomatic FMD  comprises antiplatelet ther-
py and balloon angioplasty with or without stenting. In some
ases, vascular bypass could be an option. However, vascular bypass
urgery is highly invasive, and complications and mortality have
ccurred in a considerable number of cases [12]. In most cases
f obstructive FMD  lesion, balloon angioplasty normalizes the
ortoiliac pressure gradient and the intramural appearance on
VUS images, yielding excellent results [13,14]. Stenting is only
onsidered when angioplasty fails, causing refractory stenosis or
ow-limiting dissection [15].
Diagnosis and treatment of iliac FMD  require morphological and
emodynamic assessment. In particular, morphological diagnosis
hould be based on angiography and/or IVUS ﬁndings. In this case,
t is enough to have angiography alone in the diagnosis of iliac FMD.
ut not all iliac FMD  cases were diagnosed only with angiogra-
hy. We  have to require IVUS ﬁndings, if necessary. Furthermore,
atheter intervention requires hemodynamic monitoring by pres-
ure wire. We believe that the procedure endpoints should combine
[al iliac artery after balloon angioplasty. (A) No post-balloon angioplasty pressure
ke luminal membrane.
lumen  dilatation by IVUS and normalization of pressure gradient by
pressure wire.
In  conclusion, we present a multimodality approach for the diag-
nosis and endovascular treatment of a rare case of renal and iliac
artery FMD. In addition, we describe an effective treatment using
IVUS and pressure wire gradient measurements to target the pri-
mary site of stenosis by balloon angioplasty. We recommend a
“morphological and hemodynamics assessment with multimodal-
ity approach” in the treatment of iliac FMD, which is a rare
disease.
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